Background. This retrospective study aimed to assess the efficacy and toxicities of second-line chemotherapy with irinotecan, leucovorin, and 5-fluorouracil (5-FU) in metastatic gastric cancer (MGC) patients previously treated with docetaxel and S-1 with or without oxaliplatin (DS/DOS). Patients and Methods. We reviewed the data of patients who had previously been treated with firstline DS/DOS and received biweekly irinotecan-based chemotherapy (FOLFIRI/IFL) between October 2004 and November 2011. Results. A total of 209 cycles were administered to 35 patients, with a median of 4 (range, 1-22) cycles each. The overall response rate in 29 response-assessable patients was 17.2%, including 2 complete and 3 partial responses. The median progression-free and overall survivals were 3.81 (95% confidence interval [CI], 1.82-5.80) months and 6.24 (95% CI, 1.44-11.04) months, respectively. The major grade 3/4 toxicity was neutropenia (8.6%). Conclusion. FOLFIRI/IFL chemotherapy showed modest antitumour activity and tolerable toxicities in DS/DOS-treated MGC patients.
Introduction
Gastric cancer is a common malignancy and a major cause of cancer-related death worldwide [1] . Recent advances in early diagnosis, surgery, and chemotherapy have helped cure patients with gastric cancer. However, many patients either experience a relapse after curative resection or are diagnosed with locally advanced or metastatic disease [2] .
Palliative systemic chemotherapy prolongs overall survival (OS) and improves quality of life (QOL) for relapsed or metastatic gastric cancer (MGC) patients compared to best supportive care [3] . However, drugs selected for first-line therapy can vary in efficacy depending on regional or racial differences [3] [4] [5] [6] [7] [8] [9] [10] . Recently, modification to the oral fluoropyrimidine regimen for advanced gastric cancer (AGC) has been attempted to improve efficacy [11] [12] [13] [14] [15] , and we previously demonstrated the efficacy and tolerability of first-line treatment with docetaxel and S-1 with oxaliplatin (DOS) or without oxaliplatin (DS) in AGC [13] [14] [15] .
The efficacy of first-line chemotherapy in AGC is usually modest. Furthermore, the median OS after failure of first-line chemotherapy is ≤4 months without additional anticancer treatment [15] [16] [17] [18] . Second-line palliative chemotherapy has shown to have OS benefits in 3 phase III trials [16] [17] [18] and in a recent meta-analysis [15] . These studies demonstrated that monotherapy with either irinotecan or docetaxel was an effective and acceptable regimen for MGC in a secondline setting.
Many studies investigated irinotecan-based chemotherapy as monotherapy or combination regimens, including as salvage chemotherapy [19] [20] [21] . They showed favourable efficacy with tolerable safety profiles, which is essential for second-line chemotherapy for MGC. Hence, we postulated that FOLFIRI/IFL as salvage therapy may benefit MGC patients who had been previously treated with first-line DS/DOS. To our knowledge, there have been no previous studies with second-line irinotecan, 5-fluorouracil (5-FU), and leucovorin combination regimens for MGC patients previously treated with DS/DOS.
Herein, we investigated the efficacy and toxicity of second-line irinotecan-based combination chemotherapy in first-line DS/DOS-treated MGC patients.
Material and Methods

Study Population.
Patients with MGC who previously failed first-line DS/DOS and had received irinotecan-based combination chemotherapy as second-line treatment at two institutions (Hallym University Medical Center and Asan Medical Center, Korea) between October 2004 and November 2011 were included in this retrospective study. All data were collected from the electronic medical records. This study protocol was approved by the Institutional Review Boards of both participating institutions and was conducted in accordance with the principles of the Declaration of Helsinki. [19, 22] . Chemotherapy was administered until disease progression or unacceptable toxicity.
Efficacy and Safety
Assessments. Baseline evaluation included medical history, physical examination, complete blood counts (CBC), blood chemical analysis, and radiological examinations; all but radiology were also performed prior to each cycle. Tumour assessments using chest and abdominopelvic computed tomography (CT) were performed every four cycles or when disease progression was suspected. The response to chemotherapy was assessed according to the Response Evaluation Criteria in Solid Tumours version 1.0. Toxicities were assessed according to the National Cancer Institute Common Toxicity Criteria version 3.0.
Statistical Analysis.
All patients who received at least one cycle of an irinotecan-based regimen were included in safety analyses. Efficacy was analysed in patients who received at least two cycles of chemotherapy. PFS was measured from the initiation of FOLFIRI/IFL chemotherapy until the time of first occurrence of progression, death from any cause, or the date of last follow-up. OS was based on the interval between the first day of treatment and the time of death for any reason or the date of the last follow-up visit. PFS and OS were determined using the Kaplan-Meier method. The differences between the survival curves were analysed using the log-rank test.
Results
Patient
Characteristics. This study included 35 patients from two institutions treated between October 2004 and November 2011. Six patients were not included in the response evaluation but were evaluated for safety analysis because they each received only one cycle of treatment; the remaining 29 were evaluated for efficacy. Baseline patient characteristics are presented in Table 1 .
Treatment. IFL was administered to DS-treated patients (25.7%) and FOLFIRI was used for those treated with DOS (74.3%).
A total of 209 cycles of chemotherapy were conducted, with a median of 4 cycles per patient (range, 1-22 cycles). However, patients with early progression ( = 3) or clinical impairment or toxicity ( = 3) received only one cycle. The mean and median relative dose intensity for irinotecan during the total treatment cycles were 65.3 mg/m 2 / week (87.1% of the planned dose) and 75.0 mg/m 2 /week (100% of the planned dose), respectively. There was no initial dose reduction. Of the 26 patients who received ≥3 cycles of chemotherapy, 9 (34.6%) underwent at least one level of dose reduction, and another 9 (34.6%) experienced treatment delay of >1 week because of adverse events, including neutropenia ( = 7), oral mucositis/anorexia/gastrointestinal infection ( = 1), and acute appendicitis ( = 1).
Efficacy.
Of the 29 evaluable patients, 2 (6.9%) achieved complete response, 3 (10.3%) had partial response, 12 (41.4%) demonstrated stable disease, and 12 (41.4%) had progressive disease (Table 2 ). In the 2 patients with complete response, one had hepatic and nodal metastasis and the other had peritoneal metastasis. The overall response rate (ORR) was 17.2% and the disease control rate (DCR) was 58.6%. The median PFS was 3.81 (95% confidence interval [CI], 1.82-5.80) months for "per protocol" patients, and the median OS was 6.24 (95% CI, 1.44-11.04) months, with a 1-year survival rate of 24.8% (Figure 1 Fourteen patients received additional treatment after completion of irinotecan-based chemotherapy; 10 patients received FOLFOX (oxaliplatin, 5-FU, and leucovorin) and 3 received chemotherapy using taxanes with or without cisplatin (1 patient each received paclitaxel plus cisplatin, docetaxel plus cisplatin, and cabazitaxel).
Treatment-Related Adverse Events.
All 35 patients were evaluable for toxicity (Table 3 ). In terms of haematological toxicities, the frequencies of grade 3 neutropenia, anaemia, and febrile neutropenia were 9%, 3%, and 3%, respectively. Most of the observed nonhaematological toxicities were grades 1-2, with the exception of grade 3 anorexia observed in 1 patient. There were no grade 4 toxicities.
Discussion
Some studies have evaluated DS-based first-line chemotherapy and irinotecan-based second-line chemotherapy for MGC [13-17, 19-21, 23] . However, few have specifically focused on FOLFIRI/IFL chemotherapy in gastric cancer patients previously treated with docetaxel or S-1, and only as monotherapy after administration of docetaxel [24] , S-1 [25] , or DCF [26] . Our study included 35 patients who had been previously exposed to DS/DOS. The median PFS and OS after treatment with FOLFIRI/IFL were 3.81 and 6.24 months, respectively (Figure 1) , and the treatment-related toxicities were tolerable (Table 3) . This is the first study of FOLFIRI/IFL as second-line palliative chemotherapy in DS/DOS-treated MGC patients. According to numerous phase II and 3 phase III studies on the efficacy of irinotecan and docetaxel in second-line settings [16] [17] [18] 21] , both agents are effective and safe for salvage chemotherapy in MGC. We chose irinotecan over docetaxel because the former has been shown to be effective, and all of the patients included in our study had previously been exposed to the latter.
In studies of the efficacy of irinotecan-based chemotherapy in S-1 [24] or docetaxel [26] treated MGC, the ORR, PFS, and OS were 15.4-42.0%, 2.9-6.3 months, and 7.0-8.9 months, respectively [20, [24] [25] [26] . In our study, the ORR and DCR of FOLFIRI/IFL were 15.6% and 53.1%, respectively (Table 2) , and the median PFS and OS were 3.81 (95% CI, 1.82-5.80.42) and 6.24 (95% CI, 1.44-11.04) months, respectively ( Figure 1) . Our results are therefore comparable to those of previous studies of second-line irinotecan-based regimens [21, 27] .
Effective salvage therapy must balance symptom control and toxicity to preserve QOL. The frequency of grade 3/4 haematological toxicity (especially neutropenia) with irinotecan-based regimens was 30-50% in previous studies [20, 21, 24] , usually resulting in dose modification and chemotherapy delay. In our study, the incidence of grade 3 haematological toxicity with FOLFIRI/IFL was lower than that of other studies investigating second-line treatment for MGC. There were no grade 4 toxicities in our patients. While the mean dose intensity of irinotecan in all cycles was ≤90% (87.0%), 9 (31.0%) of 29 response-evaluable patients were treated with ≥8 cycles; the efficacy was not inferior to those of previous similar studies. Furthermore, 2 patients achieved complete response and survived until the last follow-up, and 1 underwent 22 cycles of treatment without progression or serious adverse events. These data suggest that second-line FOLFIRI/IFL for MGC can accomplish a durable response with acceptable toxicity through optimal dose and schedule modification.
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As mentioned above, we changed the irinotecan-based regimen from IFL to FOLFIRI in patients previously treated with DS. Although the doses of the 3 drugs in the IFL regimen were lower than those in the FOLFIRI regimen and all IFL drugs were infused within 2 hours, we observed no significant differences in efficacy between the different regimens ( Figure 3 ). This may be owing to our small cohort size, although it is also possible that there was no significant heterogeneity in efficacy among the various irinotecan-based regimens. These findings suggest that both salvage regimens are options in MGC; prospective studies with more participants are required to confirm the differences between them.
In recent years, several studies reported the efficacy of vascular endothelial growth factor receptor-(VEGFR-) targeted agents in AGC patients. VEGFR-2 is particularly overexpressed in gastric cancer tissue, especially in presence of lymph nodal metastases [28] .
Recent trials demonstrated that anti-VEGFR-2 monoclonal antibody, ramucirumab, can increase the PFS and OS in second-line setting as monotherapy [29] and combination with chemotherapy [30] . The recent placebo-controlled, randomized phase III trial which compared weekly paclitaxel and ramucirumab over weekly paclitaxel alone (RAINBOW study) proved that the addition of a targeted agent to standard chemotherapy, in the second-line setting, can achieve survival advantage in OS (7.4 versus 9.6 months, = 0.017). In addition, the clinical trials about the addition of ramucirumab to second-line FOLFIRI in patients with metastatic colorectal carcinoma demonstrated the positive effect on OS (13.3 versus 11.7 months, = 0.0219) with manageable toxicities [31] . The results of these studies can support the theoretical background for the combination of ramucirumab with irinotecan-based chemotherapy in AGC. Therefore, we should consider the clinical trials about the ramucirumab plus FOLFIRI in second-line setting for the patients with AGC, in near future.
In the present study, we attempted to compare our patients' clinicopathological parameters to those of previous studies to determine prognostic factors of second-line chemotherapy for gastric cancer [32] [33] [34] . We found that patients with <3 metastatic sites at the time of enrolment had statistically longer OS than those with ≥3 metastatic sites (HR 0.436, 95% CI, 0.200-0.948, = 0.036) (Figure 2 ). This was consistent with previous MGC studies.
This study had potential limitations because of its retrospective nature, the heterogeneity of the chemotherapy schedules, and the small number of patients. However, few previous reports address the benefits of irinotecan with fluoropyrimidine as salvage therapy after the failure of S-1 and taxane-based first-line chemotherapy in MGC patients. Furthermore, the heterogeneity of the chemotherapy schedules did not cause differences in the response or survival data in this study, as reported previously [21, 27] .
In conclusion, a combined irinotecan, 5-FU, and leucovorin-based regimen is effective and acceptable salvage chemotherapy for MGC patients previously treated with DS/DOS.
